Effect of selenium (Se) was studied in soybean (Glycine max (L.) Merr.) cv. Olna in Ljubljana, Slovenia. Se was added to plants as foliary spraying. Quantum yield of photosystem II (PSII) and respiratory potential measured as ETS activity of mitochondria were measured two times in the growing season. Respiratory potential was higher in young plants compared to mature plants. Se induced the lowering of respiratory potential. Addition of Se had no effect on quantum yield of photosystem II. 
INTRODUCTION
Selenium (Se) is a naturally occurring trace element found in the Earth's crust, soils and minerals (Simmons and Wallschläger, 2005) . It is an essential trace nutrient important to humans and animals, whose deficiency and toxic concentrations are very close to each other (Navarro-Alacron and Cabrera-Vique, 2008) . Se has been recognized as an integral component of different enzymes, such as glutathione peroxidase and thioredoxin reductase (Birringer et al., 2002) . Chemically it is similar to sulphur (S), leading to nonspecific replacement of S by Se in proteins and other sulphur components (Nowak et al., 2004) . This results in non-functional proteins and enzymes.
In plants, Se functions as an antioxidant (Hartikainen, 2000) . Plants take up Se from the soil primarily as selenate (SeO 4 2-) or selenite (SeO 3 2-) (Ellis and Salt, 2003) . Se can increase the tolerance of plants to UVinduced oxidative stress, delay senescence and promote the growth of ageing seedlings (Xue et al., 2001 ).
In Se rich areas plants that accumulate large amounts of Se are found. They are called accumulators. Actively growing tissues usually contain the largest amounts of Se (Kahakachchi et al., 2004) . Astragalus bisulcatus is reported to be the best Se accumulator. However, when absorbed in higher concentrations, Se can be harmful and catalyse the oxidation of thiols and simultaneously generate superoxide (O 2 -), which means it acts as a prooxidant (Stewart et al., 1999) .
The availability of Se for plants depends on soil properties including pH, salinity and the content of CaCO 3 (Kabata Pendias, 2001) . Temperature is also important factor affecting Se availability. In soils low with Se, plants absorb more Se at temperature higher than 20 ºC. Plants from arid regions have more Se in their tissues as those from wet regions.
Se content of soils ranges from deficit quantities of 0.01 mg kg −1 at the Russian Plane to heavily toxic values of 1200 mg kg −1 in organic soils at Meath, Ireland (Nowak et al., 2004) . Slovenian soils are poor with Se (Kreft et al., 2002) . In acid soils Se is mainly present in form of selenite, which has very low solubility and plant aviability. In alkaline soils, Se is oxidized to selenate, which is more soluble and more available for uptake (Navarro-Alacron and Cabrera-Vique, 2008).
Se levels in soil generally reflect its presence in food and Se levels consumed by human populations. Deficiency of Se can cause a heart disease, hypothyroidism and a weakened immune system (Ellis and Salt, 2003) . Kahakachchi et al. (2004) reported that Se has a cancer chemopreventive properties for humans. The daily intake of Se depends on its concentration level in food and on the amount of food consumed. The recommended intake is 80 µg/day for men and 55 µg/day for women (National Research Council, 2000) . Plants, which accumulate Se, may be useful as a "Sedelivery system" to supplement the mammalian diet in many areas that are deficient in Se (Terry et al., 2000) .
Seed soaking or spraying of plants with Se solution may enrich the utilisable plant parts with Se compounds in concentrations of nutritional importance .
Glycine max (L.) Merr. (soybean) is one of the most important crops. It is one of the most important vegetables for dietary purposes. It is a member of the pea family (Fabaceae). Soybean plants height is from 20 cm to 2 m. Steam, leaves and fruit are covered with hairs, which protect plants against drought. The leaves are trifoliolate. The fruit grows in clusters. Seeds contain very high levels of protein, including all essential amino acids (Nenadić, 1985) .
The general metabolic activity of individual organisms can be assessed from terminal electron transport system (ETS) activity in mitochondria. Under stress condition organisms increase their need for energy. The ability to cope with stress in vital plants is therefore related to respiratory potential (ETS activity) of certain tissue. When stress is too big, the antioxidant metabolism is defeated. Strong stress causes reduced vitality of tissue, that reflects in lower respiratory potential (Germ and Gaberščik, 2003) .
Lower photosynthetic activity could be a consequence of low photochemical efficiency of PSII, as shown by its lower quantum yield (Pieters and El Souki, 2005) . Photochemical quantum yield of PSII is a measure of stress in plants. Any deviation from the maximum quantum yield may be considered as an integrative measure of stress to which a sample is exposed in a given situation (Schreiber et al., 1995) .
The aim of present work was to study the influence of Se on the respiratory potential and quantum yield of photosystem II (PSII) in soybean. 
MATERIALS AND METHODS

Plant Material and Growth Conditions
ETS activity
The respiratory potential of mitochondria was measured in plants via terminal electron transport system (ETS) activity as described by Packard (1971) and Kenner and Ahmed (1975) . Plant material was homogenised in an ice-cold homogenisation buffer and sonicated with an ultrasound homogeniser (40W, 4710, Cole-Parmer, Vernon Hills, IL, USA). The homogenate was than centrifuged (8500×g, 4 min, 0 ºC) in a top refrigerated ultracentrifuge. 1.5 mL of substrate solution and 0.5 mL of iodo-nitro-tetrazolium-chloride (INT) were added to triplicates of the supernatant (0.5 mL) and incubated at 20 ºC for 40 min. During the incubation, INT instead of oxygen was reduced to formazan. After stopping the reaction with a stopping solution (formaldehyde and phosphoric acid, 1:1), the formazan absorption at 490 nm was determined. ETS activity was measured as the rate of tetrazolium dye reduction, and converted to equivalent oxygen as described by Kenner and Ahmed (1975) .
Photochemical efficiency
Chlorophyll fluorescence was measured in situ using a fluorometer (OS-500, Opti-Sciences, Tyngsboro, MA, USA). The potential quantum yield was evaluated in terms of the ratio F v /F m . Measurement of minimal (F 0 ) and maximal (F m ) chlorophyll fluorescence were made after 15 min of darkness, provided by dark-adaptation clips. Fluorescence was excited with a saturating beam of "white light" (PPFD = 8 000 µmol m -2 s -1 , 0.8 s). With a saturating pulse of "white light" (PPFD = 9 000 µmol m -2 s -1 , 0.8 s) the effective quantum yield was determined. The yield coefficient was defined as Y = (F m ' -F 0 ')/ F m ', where F m ' is the maximum and F 0 ' the minimum fluorescence of an irradiated sample (Schreiber et al., 1995) .
Statistical Analysis
The data were evaluated by ANOVA (Statgraphics Version 4) and significance accepted at p < 0.05.
RESULTS
The effects of Se were studied in soybean plants. Se exerted no effect on potential or effective photochemical quantum yield of PSII ( 
DISCUSSION
Selenium exerted no influence on potential (F v /F m ) or effective (ΔF/F m ') photochemical quantum yield of PSII (Table 1) . For the purpose of comparison we made a table of Se impact taken from other studies (Table 2) . It comprises the impact of selenium and its species on physiological parameters in leaves of different plants. Our results were in agreement with results obtained for common buckwheat (Tadina et al., 2007) , chicory and Cucurbita pepo , as shown in this table (Table 2) . Values of F v /F m were close to 0.8, which indicate an undamaged antenna complex (Bischof et al., 1998) . The effective quantum yield was lower than the potential quantum yield of PSII. Germ and co-workers (2007) report, that the values of potential photochemical efficiency close to the theoretical maximum indicate reversible disturbance rather than damage to the reaction centre.
Terminal electron transport system activity was higher at the beginning of the growth period, because plants needed more energy during intensive growth in order to develop essential structural components (Figure 1) . Smillie (1962) reports the decreasing of respiratory rates of pea leaves during leaf development. Author suggests that this may be a result of decreasing ability of the cells to use fully their potential enzymic capacity, or it may be the direct consequence of a decrease in the respiratory enzymic capacity of the leaf. Higher ETS activity in young plants comparing to mature plants were also reported for Fagopyrum esculentum and F. tataricum (Breznik et al., 2005; Tadina et al., 2007) , for Pisum sativum (Smrkolj et al., 2006) , and for Potamogeton crispus (Mazej and Gaberščik, 1999) . ETS activity is a measure of the metabolic potential of organisms and vary among plant species.
ETS activity was lower in plants, treated with Se in both measurements (Figure 1) . The opposite results are given by for Eruca sativa. ETS activity was higher in Se-treated plants as well in some other plants (Table 2) . Increased ETS activity indicates that plants are under stress. When the stress is too strong and plants cannot cope with it any more, the respiratory potential drops (Ožbolt et al., 2008) , as shown in Figure  1 . However, potential photochemical efficiency of PSII in soybean was close to 0.8 in Se treated and untreated plants. This indicated that Se negatively affected respiratory chain but not photosynthetic processes. Legend: ↑ -increased, ↓ -decreased, -no effect, 1x -once foliary sprayed, 2x -twice foliary sprayed.
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